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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/DKOO/00162 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

2,5,6 as originally filed 

1,3,3A,4,4A,7-9 as received on 06/04/2001 with letter of 03/04/2001 



Claims, No.: 

1 " 1 1 as received on 06/04/2001 with letter of 03/04/2001 



Drawings, sheets: 

1/7-3/7 as originally filed 

4/7-7/7 as received on 06/04/2001 with letter of 03/04/2001 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/DKOO/001 62 



4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 



Novelty (N) Yes: Claims 1-11 

No: Claims 

Inventive step (IS) Yes: Claims 1 -1 1 

No: Claims 

Industrial applicability (!A) Yes: Claims 1-11 

No: Claims 



2. Citations and explanations 
see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/DKOO/001 62 

EXAMINATION REPORT - SEPARATE SHEET 



Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Novelty: 

Document US-A-4866321 (D1), which is considered to represent the most relevant 
state of the art, describes a generator for a windmill of the kind driven directly by the 
rotor of the windmill without any gearbox installed between the rotor and the generator 
(see column 1 , lines 25-33) , wherein at least the stator of the generator is made with at 
least two modules which may be mounted and dismantled independently of each other 
one or more at the time (see pictures 2 and 5, column 3, line 63 to column 4, line 29). 
From the fact that the generator is used in a windmill to be installed in the open air it is 
assumed that the generator according to D1 must be protected by means of a tight 
enclosure enclosing the whole generator. 

The subject-matter of the new independent Claim differs from the generator described 
in D1 in the following features: 

each module is individually contained in an enclosure with a degree of sealing 
substantially corresponding to the degree of sealing which is desired in the finished 
generator , and 

a given number of juxtaposed enclosures abutting on each other form a closed ring of 
stator modules. 

For this reason subject-matter of Claim 1 is new in respect of prior art as defined in the 
regulations (Rule 64(1 )-(3) PCT) . 

Inventive step 

According to the new claim 1 the modules are individually enclosed in tight enclosures 

The problem to be solved by the claimed invention is 
described on page 3A, lines 6-11. 

None of the documents of the international search report discloses a generator with the 
characterising features of the new claim 1 . 
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EXAMINATION REPORT - SEPARATE SHEET 



The teaching of said documents even if combined together ( supposed a skilled man 
would do it) would not lead to the solution proposed in claim 1 . 

For these reasons the solution is not considered to be obvious. 

Claims 2-1 1 are dependent claims of claim 1 so that also the subject matter of these 
claims is considered as involving an inventive step. 

Industrial application 

The claimed invention is considered as susceptible of industrial application. 
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I. Basis of the report 

1. With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70 1 7))- 
Description, pages: 



2,5,6 

1,3,3A,4,4A,7-9 



as originally filed 
as received on 



06/04/2001 with letter of 



03/04/2001 



Claims, No.: 

1-11 



as received on 



06/04/2001 with letter of 



03/04/2001 



Drawings, sheets: 

1/7-3/7 as originally filed 

4/7-7/7 as received on 



06/04/200 1 with letter of 



03/04/2001 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 
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4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 
Novelty (N) 



Inventive step (IS) 



Yes: Claims 1-11 

No: Claims 

Yes: Claims 1 -1 1 

No: Claims 



Industrial applicability (IA) Yes: Claims 1 -1 1 

No: Claims 



2. Citations and explanations 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Novelty: ' 

Document US-A-4866321 (D1), which is considered to represent the most relevant 
state of the art, describes a generator for a windmill of the kind driven directly by the 
rotor of the windmill without any gearbox installed between the rotor and the generator 
(see column 1 , lines 25-33) , wherein at least the stator of the generator is made with at 
least two modules which may be mounted and dismantled independently of each other 
one or more at the time (see pictures 2 and 5, column 3, line 63 to column 4, line 29). 
From the fact that the generator is used in a windmill to be installed in the open air it is 
assumed that the generator according to D1 must be protected by means of a tight 
enclosure enclosing the whole generator. 

The subject-matter of the new independent Claim differs from the generator described 
in D1 in the following features: 

each module is individually contained in an enclosure with a degree of sealing 
substantially corresponding to the degree of sealing which is desired in the finished 
generator , and 

a given number of juxtaposed enclosures abutting on each other form a closed ring of 
stator modules. 

For this reason subject-matter of Claim 1 is new in respect of prior art as defined in the 
regulations (Rule 64(1 )-(3) PCT) . 

Inventive step 

According to the new claim 1 the modules are individually enclosed in tight enclosures 

The problem to be solved by the claimed invention is 
described on page3A, lines 6-11. 

None of the documents of the international search report discloses a generator with the 
characterising features of the new claim 1 . 
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The teaching of said documents even if combined together ( supposed a skilled man 
would do it) would not lead to the solution proposed in claim 1 . 

For these reasons the solution is not considered to be obvious. 

Claims 2-1 1 are dependent claims of claim 1 so that also the subject matter of these 
claims is considered as involving an inventive step. 

Industrial application 

The claimed invention is considered as susceptible of industrial application. 
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GENERATOR FOR A WINDMILL, STATOR MODULE FOR USE IN SUCH 
A GENERATOR AND USE OF SUCH A GENERATOR 

Background of the invention 

The present invention relates to a generator for a windmill of the kind driven directly 
by the rotor of the windmill without any gearbox installed between the rotor and the 
generator wherein at least the stator of the generator is made of modules of which one 
or more stator modules can be dismantled independently without having to dismantle 
the entire winding. 

It is known that it is necessary to insert a speed increasing gearbox between the rotor 
and the generator of a windmill. The rotational speed is of the magnitude 20 rpm for 
large windmills while a normal 4-pole generator has a synchronous speed of rotation 
of 1 500 rpm. A suitable speed increasing gearbox will thus have a gear ratio of 1 :75. 



It is known that the speed increasing main gearbox of a windmill constitutes a sub- 
stantial part of the cost price, and besides that it is a relatively vulnerable main com- 
ponent. In many cases, by possible damages, it will be necessary to dismantle the 
gearbox for repair. In consideration of the gearbox for a windmill in the 2 MW class 
20 having a weight of up to 1 5 tons and being mounted in a machine disposed on a tower 
with a height of 60-100 m it is obvious that such a replacement may be very costly. 

The risk of incurring considerable expenses by a possible replacement is multiplied if 
large windmills are erected at sea. Handling of weights of 15 tons or more in 60-100 
25 m height may only be performed with very large float cranes or very large mobile 
cranes placed on large barges. Working with this kind of equipment at the open sea 
can only be done under good weather conditions. Therefore, there may be periods of 
several months during the winter where it is not possible to replace a damaged gear- 



box. 



The generator itself is also a heavy main component, typically with a weight of 5 tons 
by 2 MW rated output. As with the gearbox it cannot be avoided that there will be a 
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pact machine construction. In addition, here it will be necessary to dismantle the 
whole rotor by eventual dismantling of the generator. 

From WO-A1 -98/20595 a stator assembled from modules is known, where the stator 
windings on each module can be premade, and the entire winding can thereafter be 
assembled on site. This construction makes transport to the site of erection easier. This 
cpnstruction requires a stator housing as such, and this stator housing requires a di- 
ameter which is substantially larger than the air gap diameter. 

From US-A-4,594,552 another generator having a stator built from modules is known, 
which modules can be dismantled without the entire winding being dismantled. This 
construction, however, also requires a stator housing as such, and that the stator hous- 
ing has a diameter substantially larger than the air gap diameter. 

There is known an embodiment of a directly driven generator, US patent 5,844,341, 
where the stator of the generator is made with modules which largely constitute indi- 
vidual polar pairs and which are disposed on support arms outside the poles. The ad- 
vantage of this construction is that a damaged part of the generator may be replaced 
without taking down the whole generator. The drawback by this configuration is, 
however, that the electromechanical properties in this form of modular construction 
with single polar pairs separated by air gaps may be disadvantageous, and that possi- 
ble dismantling of a single stator module can involve that the whole generator has to 
be opened in situ implying risk of humidity, dirt etc., and that it may be cumbersome 
if the stator module has to be taken out in a disadvantageous direction. 

Another design of a directly driven generator is known, US patent 4,866,321, where 
an axial generator has a stator designed with modules each containing a single pole 
winded around a coil and installed in an arrangement where the coil may be drawn 
radially out from the stator. The advantage of this construction is, as with the previous, 
that a damaged pole in the generator may be replaced without the whole generator to 
be taken down. As a consequence of the mechanical construction it is likely that the 
electromechanical properties will be better than in the above arrangement. The draw- 
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back is, however, that possible dismantling of a single stator module can involve that 
the whole generator has to be opened in situ implying risk of humidity, dirt etc., and 
that it may be cumbersome if the stator module has to be taken out in a disadvanta- 
geous direction. 

5 

It is the purpose of the present invention to provide a generator of the kind described 
above, wherein the advantages of a directly driven, multipolar generator are preserved, 
and where the drawbacks connected with known generators are relieved such that it is 
possible not to have a stator housing as such whereby the diameter of the construction 
0 can be limited, and be made with a size substantially corresponding to the air gap dia- 
meter. 
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This purpose is achieved according to the present invention with a generator which is 
peculiar in that each single stator module is individually contained in an enclosure 
with a degree of sealing substantially corresponding to the degree of sealing which is 
desired in the finished generator, and that a given number of juxtaposed enclosures 
abutting on each other form a closed ring of stator modules. 

By designing the generator according to the invention a number of advantages are at- 
tained as compared with the prior art. 

The advantages of a directly driven, multipolar generator as compared with more con- 
ventional transmission systems with gearbox and standard generator are maintained in 
a generator according to the invention. 

By designing the electrically active part of the generator stator as modules, each hav- 
ing the necessary degree of sealing (typically there is desired sealing corresponding to 
EP54), a stator housing as such is not necessary, the structural part of the stator hous- 
ing adapted for mounting of the modules may be designed with an outer diameter 
substantially as the air gap diameter. Hereby the outer diameter of the part of the stator 
normally being installed when transporting the windmill to the erection site is reduced 
to the minimum determined by the air gap. Concerning the transport, there is a sub- 
stantial advantage in having the least possible outer diameter. The winding modules of 
the stator then have to be retrofitted at the erection site. 

By making the winding as modules, the space requirements and the complexity in the 
winding are reduced considerably. The stator modules may be performed in serial pro- 
duction, and the single modules may be finished with sealing, terminal box etc. under 
convenient conditions. Therefore, the risk becomes much less for winding damages 
caused by handling under difficult access conditions in a large construction. 

A special embodiment of a stator module according to the invention is characterised in 
that the stator module is intended for constituting a part of a complete stator, and that 
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the stator module is contained in an enclosure with tightness corresponding to a given 
desired degree of enclosure. 
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Description of the drawing 

The invention is described more closely in the following as reference is made to the 
drawing, where: 

Fig. 1 is an illustration of a prior art kind of tower top section of a windmill 

Fig. 2 is an illustration of an embodiment of a tower top section of a windmill with 

, a generator according to the invention, 

Fig. 3 is a detailed illustration of a generator according to the invention as seen per- 
pendicularly to an axis of the generator, 
Fig. 4 is a further detailed illustration of a generator according to the invention, 
Fig. 5 is a detailed illustration of a generator according to the invention viewed in 

parallel with an axis of the generator, 
Fig. 6 is a second detailed illustration of a generator according to the invention, and 
Fig. 7 is an illustration of an embodiment of a stator module according to the inven- 



15 tion. 



In the design shown in the figures, the generator is with 120 poles in 24 stator mod- 
ules. The generator is permanently magnetised. Other embodiments, including such 
with brushless as well as slipring magnetisation of a winded rotor, are also suitable. 
Here it may be relevant to design a winded rotor so that the rotor also has modules. 
Such a special embodiment is not described any further here. 



Fig. 1 shows a prior art windmill in normal design with gearbox and standard genera- 
tor. The wings 1 of the rotor are mounted on the mill hub 2 which is fastened to the 
main shaft 3. The main shaft is supported by a main bearing 4 at the front and by the 
gearbox 5 at the rear. The gearbox is connected to the generator 7 with an elastic 
coupling 6. 

Fig. 2 shows a windmill designed according to the invention. The main shaft 8 is sup- 
ported by a front main bearing 9 and a rear main bearing 10. The main bearing has a 
split bushing 11 as flange at the rear. The generator 12 has a shaft 14 (see fig. 3) 
which is supported by the flange 1 1 of the main shaft. 
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Fig. 3 shows an enlarged longitudinal section of the generator. The generator shaft 14 
supports the structure 15 of the rotor which at its periphery has the rotor sheet metal 
16 and the permanent magnets 17. The stator housing 18 is supported by the generator 
bearings 19 and has the stator modules 20 at its periphery. 

Fig. 4 shows more enlarged a longitudinal section of the stator. The stator housing 18 
is connected to the stator module 20 by a screw bolt connection (not shown). The sta- 
tor module has an enclosure 23 around the stator sheet metal 24 and the stator winding 
25. In the shown version, the generator is made with a stator housing having an outer 
diameter d which is exactly the same as an outer diameter of the rotor. The stator 
module is thus installed so that the stator module forms an inner diameter D which is 
greater than the outer diameter d of the rotor and of the rotor housing. An air gap A 
may easily be adjusted, e.g. by means of adjusting means, in the embodiment shown 
by means of shims 26, at the joint between stator housing and stator module, and pos- 
sible dimensional deviations in the stator module may thereby be compensated for. 

Fig. 5 shows in part a cross-section of the stator. The single pole 27 has a winding 28 
and is protected by the enclosure 29. The single rotor pole 30 has a permanent magnet 
17. In the rotor structure, manholes 32 are cut out for convenient passage of the gen- 
erator. 



Fig. 6 shows the complete generator as seen from the main shaft side. One of the stator 
modules 20 is shown dismantled. The other stator modules are at their respective 
places on the stator housing 18. Manholes 35 ensure the possibility of going through 
irrespectively of the position of the rotor. Fittings for torque supports 36 are provided 
with the same number as the stator modules whereby the stator of the generator may 
be fastened for vertical lowering of each single module. 

The electric connection between the stator modules and is not shown on the Figure. It 
may e.g. be established in the way that there is mounted one central terminal box on 
the stator housing, and that from a terminal box on each stator module there is drawn 
an isolated three-phase cable from the stator module to the central terminal box. Alter- 
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natively, there may be established a connection form with three phase rings provided 
concentrically about the main shaft at one side of the stator housing under suitable 
covering. Isolated three-phase cables are drawn radially from the three phase rings to 
the terminal boxes of each of the stator modules, and the main cables transmitting the 
power to the frequency converter or directly to the network are installed directly on 
the phase rings. 

Irrespectively of the local connections on the generator, it will be convenient to make 
the main cables from the generator with a certain slack that may absorb the displace- 
ments occurring between each- stator module and a central terminal box if the stator of 
the generator is to be turned for each replacement of one or more stator modules. The 
slack may possibly be reduced for the stator to be capable of being turned only a half 
turn clockwise or counterclockwise depending on which side of a vertical plane the 
stator module to be replaced is situated. 



Fig. 7 shows a stator module in cross-section and as end view. The pole 27 has its 
winding 28 and is protected by an enclosure 23. The assembled module 20 appears 
completely enclosed. 
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CLAIMS 



1. Generator, preferably for a windmill and especially of the kind driven directly by 
the rotor of the windmill without any gearbox (5) installed between the rotor and the 
generator, wherein at least the stator of the generator (12) is made with at least two 
modules (20) which are fully enclosed and sealed, and that these at least two modules 
(20) may be mounted and dismantled independently of each other one or more at a 
time without dismantling the entire winding (25), characterised in that each 
single stator module (20) is individually contained in an enclosure (23) with a degree 
of sealing substantially corresponding to the degree of sealing which is desired in the 
finished generator (12), and that a given number of juxtaposed enclosures (23) abut- 
ting on each other form a closed ring of stator modules (20). 

2. Generator according to claim 1, characterised in that each single stator 
module (20), when they are installed in a stator, together form a closed ring of stator 
modules having a diameter which does not substantially exceed the diameter of the air 
gap of the generator. 



20 



3. Generator according to claim 1 or 2, c h ar a cte r i s e d in that each single stator 
module (20) may be displaced radially on the stator structure with the purpose of ad- 
justing the air gap (A). 



4. Generator according to any preceding claim, characterised in lhat the mag- 
netic circuit in each single stator module is completely or substantially provided by 

25 iron having directional magnetic properties. 

5 . Generator according to any preceding claim, c h a r a c t e r i s e d in that the gen- 
erator (12) is mounted on a shaft (14), and the stator during mounting and repair work 
may be turned in relation to the main shaft (8) of the windmill without this requiring 

30 substantial dismantling besides the moment support of the venerator. 
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6. Generator according to any preceding claim, characterised in that the gen- 
erator (12) during mounting and repair works may be turned in relation to a main shaft 
(8) of a windmill, in such a way that each single stator module (20) essentially may be 
lowered vertically to the ground or sea surface. 

I. Generator according to any preceding claim, characterised in that the stator 
comprises between 2 and 48 modules (20), preferably 24 modules. 

8. Generator according to claim 1 , c h a r a c t e r i s e d in that the juxtaposed enclo- 
sures (23) have an inner surface facing inward toward the rotor (15) and forming the 
inner periphery (D) for the stator, that the inner periphery (D) of the stator is circular, 
that the rotor has an outer periphery (d) which is also circular, and that the air gap (A) 
between the outer periphery (D) of the rotor and the inner periphery (d) of the stator 
substantially have a constant width between 2 mm and 1 0 mm, preferably 5 mm. 



9. Generator according to any preceding claim, characterised in that the width 
of the air gap (A) between the rotor and the stator may be adjusted individually for 
each stator module (20) and independently of each other by means of suitable adjust- 
ing means, e.g. shims (26), by adjusting a distance between an outer periphery (d) of 

20 the stator structure and an inner periphery (D) of a given stator module (20). 

10. Stator module for use in a generator according to any preceding claim, which sta- 
tor module comprises at least two poles and a number of windings around the poles, 
characterised in that the stator module is intended for constituting a part of a 

25 complete stator, and that the stator module is contained in an enclosure with a degree 
of sealing corresponding to a given desired degree of enclosure. 



1 1 . Use of a generator according to any preceding claim in a windmill. 
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GENERATOR FOR A WINDMILL, STATOR MODULE FOR USE IN SUCH A GENERA- 
TOR AND USE OF SUCH A GENERATOR 



Background of the invention 

The present invention concerns to a generator for a windmill of the kind driven di- 
rectly by the rotor of the windmill without any gearbox installed between the rotor and 
the generator. The invention also concerns a stator module for such a generator and a 
use of such a generator in a windmill. 

It is known that it is necessary to insert a speed increasing gearbox between the rotor 
and the generator of a windmill. The rotational speed is of the magnitude 20 rpm for 
large windmills while a normal 4-pole generator has a synchronous speed of rotation 
of 1500 rpm. A suitable speed increasing gearbox will thus have a gear ratio of 1 :75. 

It is known that the speed increasing main gearbox of a windmill constitutes a sub- 
stantial part of the cost price, and besides that it is a relatively vulnerable main com- 
ponent. In many cases, by possible damages, it will be necessary to dismantle the 
gearbox for repair. In consideration of the gearbox for a windmill in the 2 MW class 
having a weight of up to 1 5 tons and being mounted in a machine disposed on a tower 
with a height of 60-100 m it is obvious that such a replacement may be very costly. 

The risk of incurring considerable expenses by a possible replacement is multiplied if 
large windmills are erected at sea. Handling of weights of 15 tons or more in 60-100 
m height may only be performed with very large float cranes or very large mobile 
cranes placed on large barges. Working with this kind of equipment at the open sea 
can only be done under good weather conditions. Therefore, there may be periods of 
several months during the winter where it is not possible to replace a damaged gear- 
box. 



30 



The generator itself is also a heavy main component, typically with a weight of 5 tons 
by 2 MW rated output. As with the gearbox it cannot be avoided that there will be a 



10 



15 



20 



WOOO/60719 : > ^ PCT/DKOO/00162 



pact machine construction. In addition, here it will be necessary to dismantle the 
whole rotor by eventual dismantling of the generator. 

There is known an embodiment of a directly driven generator. US patent 5,844,341, 
where the stator of the generator is made with modules which largely constitute indi- 
vidual polar pairs and which are disposed on support arms outside the poles. The ad- 
vantage of this construction is that a damaged part of the generator may be replaced 
without taking down the whole generator. The drawback by this configuration is, 
however, that the electromechanical properties in this form of modular construction 
with single polar pairs separated by air gaps may be disadvantageous, and that possi- 
ble dismantling of a single stator module can involve that the whole generator has to 
be opened in situ implying risk of humidity, dirt etc.. and that it may be cumbersome 
if the stator module has to be taken out in a disadvantageous direction. 



Another design of a directly driven generator is known, US patent 4,866,321, where 
an axial generator has a stator designed with modules each containing a single pole 
winded around a coil and installed in an arrangement where the coil may be drawn 
radially out from the stator. The advantage of this construction is, as with the previous, 
that a damaged pole in the generator may be replaced without the whole generator to 
be taken down. As a consequence of the mechanical construction it is likely that the 
electromechanical properties will be better than in the above arrangement. The draw- 
back is, however, that possible dismantling of a single stator module can involve that 
the whole generator has to be opened in situ implying risk of humidity, dirt etc., and 
that it may be cumbersome if the stator module has to be taken out in a disadvanta- 
25 geous direction. 

It is the purpose of the present invention to provide a generator of the kind described 
above, preferably a directly driven, multipolar generator in a windmill, and where the 
drawbacks connected with known generators are relieved as the stator of the generator 
30 is more easy to install and to repair. 
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This purpose is achieved according to the present invention with a generator which is 
peculiar in that at least the stator of the generator is made with at least two modules 
which are fully enclosed and tight, and that these at least two modules may be 
mounted and dismantled independently of each other one or more at a time. Each of 
5 the least two modules contains at least two pairs of poles. 

By designing the generator according to the invention a number of advantages are at- 
tained as compared with the prior art. 

1 0 The advantages of a directly driven, multipolar generator as compared with more con- 
ventional transmission systems with gearbox and standard generator are maintained in 
a generator according to the invention. 
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By designing the electrically active part of the generator stator as modules, each hav- 
ing the necessary degree of sealing (typically there is desired sealing corresponding to 
IP54), the structural part of the stator housing may be designed with an outer diameter 
of a magnitude as the air gap diameter. Hereby the outer diameter of the part of the 
stator normally being installed when transporting the windmill to the erection site is 
reduced to the minimum determined by the air gap. Concerning the transport, there is 
20 a substantial advantage in having the least possible outer diameter. The winding 
modules of the stator then have to be retrofitted at the erection site. 

By making the winding as modules, the space requirements and the complexity in the 
winding are reduced considerably. The stator modules may be performed in serial pro- 
duction, and the single modules may be finished with sealing, terminal box etc. under 
convenient conditions. Therefore, the risk becomes much less for winding damages 
caused by handling under difficult access conditions in a large construction. 

A special embodiment of a stator module according to the invention is characterised in 
that the stator module is intended for constituting a part of a complete stator. and that 
the stator module i s contained in an enclosure with tightness corresponding to a given 
desired degree of enclosure. 
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Description of the drawing 

The invention is described more closely in the following as reference is made to the 
drawing, where: 



Fig. 1 is an illustration of a prior art kind of tower top section of a windmill, 

Fig. 2 is an illustration of an embodiment of a tower top section of a windmill with 

a generator according to the invention, 
Fig. 3 is a detailed illustration of a generator according to the invention as seen per- 
pendicularly to an axis of the generator, 
Fig. 4 is a further detailed illustration of a generator according to the invention, 
Fig. 5 is a detailed illustration of a generator according to the invention viewed in 

parallel with an axis of the generator, 
Fig. 6 is a second detailed illustration of a generator according to the invention, and 
Fig. 7 is an illustration of an embodiment of a stator module according to the inven- 
tion. 

In the design shown in the figures, the generator is with 120 poles in 24 stator mod- 
ules. The generator is permanently magnetised. Other embodiments, including such 
with brushless as well as slipring magnetisation of a winded rotor, are also suitable. 
Here it may be relevant to design a winded rotor so that the rotor also has modules. 
Such a special embodiment is not described any further here. 

Fig. 1 shows a prior art windmill in normal design with gearbox and standard genera- 
tor. The wings 1 of the rotor are mounted on the mill hub 2 which is fastened to the 
main shaft 3. The main shaft is supported by a main bearing 4 at the front and by the 
gearbox 5 at the rear. The gearbox is connected to the generator 7 with an elastic 
coupling 6. 

Fig. 2 shows a windmill designed according to the invention. The main shaft 8 is sup- 
ported by a front main bearing 9 and a rear main bearing 10. The main bearing has a 
split bushing 11 as flange at the rear. The generator 12 has a shaft 13 which is sup- 
ported by the flange 1 1 of the main shaft. 
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Fig. 3 shows an enlarged longitudinal section of the generator. The generator shaft 14 
supports the structure 15 of the rotor which at its periphery has the rotor sheet metal 
1 6 and the permanent magnets 1 7. The stator housing 1 8 is supported by the generator 
bearings 1 9 and has the stator modules 20 at its periphery. 

Fig. 4 shows more enlarged a longitudinal section of the stator. The stator housing 21 
is connected to the stator module 22 by a screw bolt connection (not shown). The sta- 
tor module has an enclosure 23 around the stator sheet metal 24 and the stator winding 
25. In the shown version, the generator is made with a stator housing having an outer 
diameter d which is exactly the same as an outer diameter of the rotor. The stator 
module is thus installed so that the stator module forms an inner diameter D which is 
greater than the outer diameter d of the rotor and of the rotor housing. An air gap A 
may easily be adjusted, e.g. by means of adjusting means, in the embodiment shown 
by means of shims 26, at the joint between stator housing and stator module, and pos- 
sible dimensional deviations in the stator module may thereby be compensated for. 

Fig. 5 shows in part a cross-section of the stator. The single pole 27 has a winding 28 
and is protected by the enclosure 29. The single rotor pole 30 has a permanent magnet 
31. In the rotor structure, manholes 32 are cut out for convenient passage of the gen- 



erator. 



Fig. 6 shows the complete generator as seen from the main shaft side. One of the stator 
modules 33 is shown dismantled. The other stator modules are at their respective 
places on the stator housing 24. Manholes 35 ensure the possibility of going through 
irrespectively of the position of the rotor. Fittings for torque supports 36 are provided 
with the same number as the stator modules whereby the stator of the generator may 
be fastened for vertical lowering of each single module. 

The electric connection between the stator modules and is not shown on the Figure. It 
may e.g. be established in the way that there is mounted one central terminal box on 
the stator housing, and that from a terminal box on each stator module there is drawn 
an isolated three-phase cable from the stator module to the central terminal box. Alter- 
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namely, there may be established a connection form with three phase nngs prodded 
concentrically about the main shaft at one side of the stator housing under suttable 
covenng. Isolated three-phase cables are drawn radially from the three phase rings to 
the terminal boxes of each of the stator modules, and the main cables transmitting the 
power to the frequency converter or directly to the network are installed directly on 
the phase rings. 

Irrespectively of the local connections on the generator, it will be convenient to make 
the mam cables from the generator with a certain slack that may absorb the displace- 
ments occurring between each stator module and a central terminal box if the stator of 
the generator is to be turned for each replacement of one or more stator modules The 
slack may possibly be reduced for the stator to be capable of being turned only a half 
turn clockwise or counterclockwise depending on which side of a vertical plane the 
stator module to be replaced is situated. 

Fig. 7 shows a stator module in cross-section and as end view. The pole 37 has its 
wmding 38 and is protected by an enclosure 39. The assembled module 40 appears 

completely enclosed. 
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CLAIMS 



1. Generator, preferably for a windmill and especially of the kind driven directly by 
the rotor of the windmill without any gearbox installed between the rotor and the gen- 
erator, characterised in that at least the stator of the generator is made with at 
least two modules which are fully enclosed and tight, and that these at least two mod- 
ules may be mounted and dismantled independently of each other one or more at the 



time. 



2. Generator according to claim 1, characterised in that each single stator 
module are individually contained in an enclosure with a tightness substantially corre- 
sponding to the enclosing and tightness that is desired in the finished generator. 

3. Generator according to claim 1 or 2, c h a r a c t e r i s e d in that each single stator 
module, when they are installed in a stator, together form a closed ring of stator mod- 
ules having a diameter which does not substantially exceed the diameter of the air gap 
of the generator. 

4. Generator according to claim 1, 2 or 3, characterised in that each single 
stator module may be displaced radially on the stator structure with the purpose of 
adjusting the air gap. 

5. Generator according to any preceding claim, characterised in that the mag- 
netic circuit in each single stator module is completely or substantially provided by 
iron having directional magnetic properties. 

6. Generator according to any preceding claim, characterised in that the gen- 
erator is mounted on a shaft, and the stator during mounting and repair work may be 
turned in relation to the main shaft of the windmill without this requiring substantial 
dismantling besides the moment support of the generator. 
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7. Generator according to any preceding claim, characterised in that the gen- 
erator during mounting and repair works may be turned m relation to the shaft in such 
a way that each single stator module essentially may be lowered vertically to the 
ground or sea surface. 

8. Generator according to any preceding claim, characterised in that the stator 
comprises between 2 and 48 modules, preferably 12 modules, that each module is 
contained in an enclosure, and that a given number of juxtaposed enclosures abutting 
on each other form a closed ring of stator modules. 

9. Generator according to claim ^characterised in that the juxtaposed enclo- 
sures have an inner surface facing inward toward the rotor and forming the inner pe- 
riphery for the stator, that the inner periphery of the stator is circular, that the rotor has 
an outer periphery which is also circular, and that the air gap between the outer pe- 
riphery of the rotor and the inner periphery of the stator substantially have a constant 
width between 2 mm and 1 0 mm, preferably 5 mm. 

10. Generator according to any preceding claim, characterised in that the 
width of the air gap between the rotor and the stator may be adjusted individually for 
each stator module and independently of each other by means of suitable adjusting 
means, e.g. shims, by adjusting a distance between an outer periphery of the stator 
structure and an inner periphery of a given stator module. 

1 1 . Stator module for use in a generator according to any preceding claim, which sta- 
tor module comprises at least two poles and a number of windings around the poles, 
characterised in that the stator module is intended for constituting a part of a 
complete stator, and that the stator module is contained in an enclosure with tightness 
corresponding to a given desired degree of enclosure. 

12. Use of a generator according to any preceding claim in a windmill. 
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GENERATOR TIL EN VINDM0LLE, STATORMODUL TIL BRUG 
I EN SADAN GENERATOR SAMT ANVENDELSE AF EN 
SADAN GENERATOR . 

Opfindelsens baggrund 

Opfindelsen angar en generator til en vindmalle af den art, der drives direkte af 
vindmellens rotor uden gear monteret mellem rotoren og generatoren. Opfindelsen 
angar ogsa et statormodul til en sadan generator samt en anvendelse af en sadan 
generator i en vindm0lle. 

Det er kendt, at det normalt er n0dvendigt at indskyde et fartfor0gende gear mellem en 
vindmelles rotor og dens generator. Rotorens oml0bshastighed er for store vindmoller 
af sterrelsesordenen 20 o/min, mens en normal 4-polet generator har et synkront 
omlabstal pa 1500 o/min. Et passende fartforegende gear vil saledes have et 
udvekslingsforhold pa 1:75. 

Det er kendt, at det fartforagende hovedgear pa en vindm0lle udg0r en veesentlig del af 
kostprisen, og at det i 0vrigt er en forholdsvis sarbar hovedkomponent. Ved eventuelle 
skader vil det i mange tilfaslde vasre n0dvendigt at afmontere gearet for reparation. I 
betragtning af, at gearet til en vindm0lle i 2 MW klassen har en vaagt pa op mod 15 
tons, og at det er monteret i en maskine, der er anbragt pa et tarn med en b.0j'de pa 60- 
100 m, er det indlysende, at sadan udskiftning kan vaere meget bekostelig. 

Risikoen for, at der l0ber betydelige udgifter pa ved eventuel udskiftning, bliver 
mangedoblet, hvis store vindmoller opstilles til havs. Handtering af vsegte pa 15 tons 
eller mere i 60-100 m h0jde kan kun udfiares med meget store flydekraner eller meget 
store mobilkraner anbragt pa store pramme. Arbejde med den slags udstyr pa abent 
hav kan kun udfores under gode vejrforhold. Der kan derfor vsere perioder af 
maneders varighed om vinteren, hvor det ikke kan lade sig g0re at udskifte et 
beskadiget gear. 
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Generatoren selv er ogsa en tung hovedkomponent, typisk med en vasgt pa 5 tons ved 
2 MW maarkeeffekt. Ligesom ved gearet kan det ikke undgas, at der vil vaere en vis 
risiko for havari pa generatoren. Forholdene ved udskiftning af denne er lige sa 
ugunstige som for gearet. 

Det er ogsa kendt, at der findes gearlase transmissionssystemer til vindm0ller, hvor 
gear og generator erstattes af en langsomttefbende, mangepolet generator. En sadan 
direkte drevet generator kan udfares som en synkrongenerator med viklet rotor eller 
med permanente magneter, eller den kan udfores som alternative typer generatorer. 
Faslles for direkte drevne, mangepolede generatorer er, at deres dimensioner er store. 
Luftspaltediameteren ved 2 MW maerkeeffekt kan f.eks. vasre af sterrelsesordenen 5 m 
ved en udfbrelse med viklet rotor, og lidt mindre ved en udf0relse med permanent 
magnetiseret rotor. 

Med en direkte drevet, mangepolet generator bliver gearet overfkdigt. Det vil som 
regel vaere n0dvendigt at indskyde en frekvensomformer mellem generatoren og 
nettet, da det er vanskeligt at opna et polantal svarende til 50 Hz netfrekvensen ved 
nominelt oml0bstal. Derfor genererer mangepolede generatorer normalt vekselstr0m 
med en noget lavere frekvens, f.eks. 20 Hz, hvorved antallet af poler kan reduceres til 
2/5, og der bliver bedre plads til spoleviklingerne. Selv om frekvensomformeren udg0r 
en foraget kompleksitet i forhold til et generatorsystem, hvor generatoren er koblet 
direkte til nettet, kan man anlasgge den vurdering, at reduktionen i kompleksitet ved 
bortfaldet af hovedgearet mere end opvejer dette. 

En vaesentlig ulempe ved en direkte drevet, mangepolet generator er de fysiske 
dimensioner. Med en luftspaltediameter pa 5 m bliver yderdiameteren af 
st0rrelsesordenen 6 m, og egenvajgten bliver omtrent som egenvaagten af de 
komponenter, der erstattes, gear og normal generator, altsa 20 tons eller mere. Den 
store yderdiameter vanskeligg0r transport, og egenvaegten g0r ikke problemet med 
udskiftning for reparation ved eventuelle havarier mindre. 
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En yderligere vanskelighed opstar i de normale konfigurationer med mangepolede 
generatorer, hvor generatoren er anbragt mellem rotoren og tamet for at give en 
kompakt maskinkonstruktion. Her vil det oven i kerbet vsere nodvendigt at afinontere 
hele rotoren ved eventuel demontage af generatoren. 

Der kendes en udforelse af en direkte drevet generator, US patent 5,844,341, hvor 
generatorens stator er udfert med moduler, der i det store udg 0 r individuelle polpar, og 
som er anbragt pa basrearme anordnet udenfor polerne. Fordelen ved denne 
konstruktion er, at en skadet del af generatoren kan udskiftes, uden at hele generatoren 
skal nedtages. Ulempen ved denne konfiguration er imidlertid, at de elektromekaniske 
egenskaber ved denne form for modulopbygning med enkelte polpar, der er adskilt af 
luftspalter, kan vasre ugunstige, og at eventuel demontage af et enkelt statormodul dels 
vil medfore, at hele generatoren skal abnes in situ, med hvad dette indeba?rer af risiko 
for fugt, snavs m.v., dels kan vaare besvaerlig, hvis statormodulet skal udtages i en 
ugunstig retning. 



Der kendes en anden udfiarelse af en direkte drevet generator, US patent 4,866,321, 
hvor en aksialgenerator har en stator, der er udfiart med moduler, som hver indeholder 
en enkelt pol viklet om en spole og monteret i et arrangement, sa spolen kan 
udtaekkes radialt fra statoren. Fordelen ved denne konstruktion er, som ved den 
foregaende, at en skadet pol i generatoren kan udskiftes uden at hele generatoren skal 
nedtages. I medf0r af den mekaniske konstruktion er det sandsynligt, at de 
elektromekaniske egenskaber vil vasre bedre end i ovenstaende arrangement. Ulempen 
er imidlertid som ovenfor, at eventuel demontage af et enkelt statormodul dels vil 
medfore, at hele generatoren skal abnes in situ, med hvad dette indebserer af risiko for 
fugt, snavs m.v., dels kan vaere besvaerlig, hvis statormodulet skal udtages i en 
ugunstig retning. 

Det er formalet med den foreliggende opfindelse at tilvejebringe en generator af den 
ovenfor beskrevne type, fortrinsvis en direkte drevet, mangepolet generator i en 
vindmelle, og hvor ulemperne, der er forbundet med kendte generatorer er afhjulpet, 
idet generatorens stator er nernmere at montere og reparere. 
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Dette formal opnas if0lge den foreliggende opfindelse med en generator, som er 
sasrpraeget ved, at i det mindste generatorens stator er udf0rt med mindst to moduler, 
som er kapslede og tsette, og at disse mindst to moduler kan monteres og afmonteres 
uafhasngigt af hinanden et eller Here ad gangen. Hver af de mindst to moduler 
indeholder i det mindste to polpar. 

Ved at udforme generatoren ifisflge opfindelsen opnas en raekke fordele i forhold til den 
kendte teknik. 

De fordele, en direkte drevet, mangepolet generator har i forhold til mere 
konventionelle transmissionssystemer med gear og standardgenerator, bevares i en 
generator ifialge opfindelsen. 

Ved at udfore generatorens statorens elektrisk aktive del i moduler, der hver har den 
fornodne taethedsgrad (typisk onskes taethed svarende til IP54), kan den strukturelle 
del af statorhuset udfores med en yderdiameter, der er af storrelsesorden som 
luftspaltediameteren. Herved reduceres yderdiameteren af den del af statoren, der 
normalt skal vaere monteret ved transport af vindmollen til opstillingsstedet, til det 
minimum, der fastlaegges af luftspalten. Hvad transporten angar, er der en vaesentlig 
fordel i at have den mindst mulige yderdiameter. Statorens viklingsmoduler skal da 
eftermonteres pa opstillingsstedet. 

Ved at udf0re viklingen i moduler, reduceres pladsbehovet og kompleksiteten i 
viklingen meget betydeligt. Statormodulerne kan udfores i serieproduktion, og de 
enkelte moduler kan under bekvemme forhold g0res fserdig med taetning, klemkasse 
m.v. Risikoen bliver derfor meget mindre for viklingsskader, der forarsages af 
handtering xuider vanskelige adgangsforhold i en stor konstruktion. 

En speciel udforelsesform for et statormodul ifelge opfindelsen er kendetegnet ved, at 
statormodulet er bestemt til at udg0re en del af en hel stator, og at statormodulet er 
indeholdt i en indkapsling svarende til en onsket kapslingsgrad for den faerdige 
generator. 
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Ved at udf0re statormodulerne med den fomadne taetning, sa de kan pa- og afinonteres 
in situ, opnas en meget vaesentlig fordel ved eventuelle skader. Skader pa en 
generatorvikling opstar normalt ved et initialt overslag pa et lokaliseret sted, f.eks. pa 
grund af tilfaeldige isolationsskader, fugt eller lignende. Pa grand af de store 
energimasngder, der frigives ved en afbrsending, far skaden imidlertid typisk mere 
generelle virkninger pa hele viklingen i en standardgenerator. Store dele af viklingen 
kan skades ved afsmeltning, andre termiske effekter og tilsodning. Det er derfor 
normal praksis, at hele viklingen udskiftes, nar der optraeder en skade. I den 
modulopbyggede generator vil skaden derimod normalt kunde begraenses til netop det 
modul, hvor det initiale overslag forekom. Det er saledes ikke nadvendigt, at hele 
viklingen afinonteres, idet reparationen kan begraenses til det(de) pagaeldende 
modul(er). 



Den segmenterede opbygning af generatoren giver mulighed for udnyttelse af sserlig 
gunstige materialeegenskaber, der normalt ikke er til radighed ved roterende elektriske 
maskiner. Sagen er, at der kan fremstilles jern med retningsbestemte magnetiske 
egenskaber. Denne type feltorienteret jern anvendes i transformatorer, og betegnes 
derfor normalt som transformatorblik. Pa en normal roterende maskine, hvor blik til 
stator og rotor udstanses i et stykke, kan transformatorblik ikke anvendes, idet 
magnetfeltlinjerne vil fa alle retninger omkring rotoraksen. Fordelen ved de gode 
magnetiske egenskaber i den mest gunstige feltretning bliver derfor mere end 
bortkompenseret af tilsvarende darlige magnetiske egenskaber vinkelret pa den mest 
gunstige feltretning. Derfor bruges sakaldt motorblik, der ikke har retningsbestemte 
magnetiske egenskaber, pa roterende maskiner. Jerntabene er derfor noget st0rre pa 
roterende maskiner end pa transformatorer med tilsvarende fiuxvariationer. 

Pa den segmenterede generator forholder det sig imidlertid anderledes end pa normale 
roterende maskiner. Ved at udfere generatoren med seks eller flere statormoduler, kan 
det opnas, at magnetfeltlinjerne indenfor hvert segment ikke vil afvige stort mere end 
10 grader fra den mest gunstige retning i jernet. Anvendelse af transformatorblik 
bliver derfor relevant, og derved opnSs mulighed for en betydelig reduktion af 
magnetiseringstabene sammenlignet med tabene ved brug af generatorblik. Desuden 
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opnas bedre magnetisk ledeevne, hvorved der fas hajere induktion og feltstyrke i 
luftgabet med storre magnetiske kraft og drejningsmoment til fialge. 

Ved selve handteringen opnas ogsa vsesentlige fordele. Det enkelte modul vil nemlig 
have en vaegt, der er meget mindre end vaegten af den komplette generator, og ogsa 
meget mindre end va?gten af et normal: gear eller en normal generator. Ved en direkte 
drevet, mangepolet generator med en vaegt pa 20 tons, kan modulerne bekvemt 
udfbres i et antal, sa de hver far en vaegt pa 500 kg. Med en vasgt af denne 
st0rrelsesorden kan modulerne udskiftes enkeltvis af nogle fa monterer med hjaslp af 
en lille kran, der med fordel kan vasre indbygget i kabinen i en vindnwjlle. 

Fordelen i forhold til kendt teknik er navnlig vassentlig, hvor store vindmoller opstilles 
til havs. De meget store flydekraner eller meget store mobilkraner anbragt pa store 
pramme, der er rusdvendige ved reparationsarbejder pa kendte transmissionssystemer, 
hvad enten disse er konventionelle med gear og standardgenerator, eller er med direkte 
drevne, mangepolede generatorer, kan helt undgas. Eneste forudsastning for reparation 
er, at det er muligt at fa servicepersonale pa mollen. Udskiftede generatormoduler kan 
nedfires med en lille indbygget kran, og de kan sejles til og fra vindmellen pa en 
normal servicebad. Der kan endda opbevares et antal generatormoduler i m0lletoppen 
som reservedele, hvorved nedfiring og S0transport kan udskydes til perioder med 
gunstige vejrforhold. 



Ved at udfbre generatoren i en akselmonteret udgave, hvor drejningsmomentet optages 
i nogle specifikke punkter af momentstetter, kan der opnas den fordel, at generatorens 
stator kan drejes til den mest optimale stilling ved reparationsarbejder. Montage og 
demontage af moduler kan derfor ske i en bestemt position, uanset hvor pa 
generatoren det enkelte modul er anbragt, nar generatoren er i sin normale 
driftsstilling. Eksempelvis kan generatorens stator drejes, sa det modul, der skal 
udskiftes, vender nedad og derfor umiddelbart kan fires ned gennem en lem i bunden 
af vindm0llens kabine. 
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Tegningsbeskrivelse 

I det felgende beskrives opfindelsen naermere, idet der henvises til tegningen, hvor 

fig. 1 er en afbildning af en kendt type m0llehat pa en vindm0lle, 
5 fig. 2 er en afbildning af en udfeirelsesform for en m0llehat pa en vindm0lle med en 
generator ifialge opfindelsen, 
fig. 3 er en detailafbildning af en generator i&lge opfindelsen set vinkelret pa en 

akse for generatoren, 
fig. 4 er en yderligere detailafbildning af en generator iffelge opfindelsen, 
10 fig. 5 er en detailafbildning af en generator ifolge opfindelsen set parallelt med en 
akse for generatoren, 
fig. 6 er en anden detailafbildning af en generator ifolge opfindelsen, og 
fig. 7 er en afbildning af et udferelsesform for et statormodul ifolge opfindelsen. 

1 5 Generatoren er i den udfbrelse, der vises i figurerne, med 1 20 poler i 24 statormoduler. 
Generatoren er permanent magnetiseret. Andre udforelser, herunder med savel berste- 
10S som slasberingsmagnetisering af en viklet rotor, vil ogsa va?re egnede. Det kan her 
vsre relevant at udfore en viklet rotor, sa ogsa rotoren har moduler. En sadan sajrlig 
udfiarelse beskrives ikke nejere her. 
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Figur 1 viser en kendt vindmolle i normal udforelse, med gear og standardgenerator. 
Rotorens vinger 1 er monteret pa nujllenavet 2, der er fastgjort til hovedakslen 3. 
Hovedakslen basres af et hovedleje 4 forrest og af gearet 5 bagest. Med en elastisk 
kobling 6 er gearet forbundet til generatoren 7. 

Figur 2 viser en vindmolle udfort jaevnfijr opfindelsen. Hovedakslen 8 er baret af et 
forreste hovedleje 9 og et bageste hovedleje 10. Hovedakslen har bagest en 
klembosning 11 som flange. Generatoren 12 har en aksel 13, som er baret af 
hovedakslens flange 1 1 . 



30 



Figur 3 viser et laengdesnit af generatoren i forstorrelse. Generatorakslen 14 baerer 
rotorens struktur 15, som pa sin periferi har rotorblikket 16 og de permanente 
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magneter 17. Statorhuset 18 er baret af generatorlejerne 19 og har pi sin periferi 
statormoduleme 20. 



Figur 4 viser et lamgdesnit af statoren i sterre forst0rrelse. Statorhuset 21 er ved en 
boltesamling (ikke vist) forbundet til statormodulet 22. Statormodulet har en kapsling 
23 omkring statorblikket 24 og statorviklingen 25. I den viste udgave er generatoren 
udf0rt med et statorhus, der har en ydre diameter d, som er prsecis den samrae som en 
yderdiameter som rotoren. Statormodulet er monteret saledes at statormodulet danner 
en indre diameter D, der er st0rre end den ydre diameter d af rotoren og af statorhuset. 
En luftspalte A kan let justeres f.eks. ved hjailp af justeringsmidler, i den viste 
udftjrelsesform ved hja?lp af shims 26, i samlingen mellem statorhus og statormodul, 
og eventuelle dimensionsafvigelser i statormodulet kan derved kompenseres. 

Figur 5 viser et tvasrsnit af statoren i udsnit. Den enkelte pol 27 har en vikling 28, og 
er beskyttet af kapslingen 29. Den enkelte rotorpol 30 har en permanent magnet 31.1 
rotorens struktur er udskaret mandehuller 32 til bekvem passage af generatoren. 

Figur 6 viser den komplette generator set fra hovedakselsiden. Et af statormoduleme 
33 er vist afmonteret. De 0vrige statormoduler sidder pa deres respektive plads pa 
statorhuset 34. Mandehuller 35 sikrer mulighed for gennemgang uanset rotorens 
stilling. Beslag for drejningsmomentstatter 36 er anbragt i samme antal som 
statormoduleme, hvorved generatorens stator kan fastgores til lodret nedfiring af hvert 
enkelt modul. 



Den elektriske forbindelse mellem statormoduleme og er ikke vist pa figuren. Den kan 
f.eks. etableres pa den made, at der monteres en central klemkasse pa statorhuset, og at 
der fra en klemkasse pa hvert statormodul traekkes et isoleret trefaset kabel fra 
statormodulet til den centrale klemkasse. Alternativt kan etableres en forbindelsesform 
med tre faseringe, der anbringes koncentrisk om hovedakslen pa den ene side af 
statorhuset under passende afdaskning. Fra de tre faseringe taekkes isolerede trefasede 
kabler radialt til de enkelte statormodulers klemkasser, og pa faseringene monteres 
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direkte hovedkablerne, der overfeirer effekten til frekvensomfonneren eller direkte til 
nettet. 

Uanset udf0relsen af forbindelserne lokalt pa generatoren vil det va;re bekvemt at 
udfare hovedkablerne fra generatoren med et vist sla;k, som kan optage de 
forskydninger, der vil forekomme raellem hvert statormodul og en central klemkasse, 
hvis generatorens stator skal kunne drejes for udskiftning af et eller flere 
statormoduler. Slikket kan eventuelt reduceres til, at statoren kun kan drejes en halv 
omgang med eller mod uret afha?ngigt af pa hvilken side af et lodret plan, at 
statormodulet befinder sig, som skal udskiftes. 



Figur 7 viser et statormodul i tvaersnit og endebillede. Polen 37 har sin vikling 38 
er beskyttet af en indkapsling 39. Det samlede modul 40 fremtreeder helt indkapslet. 
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PATENTKRAV 

1. Generator, fortrinsvis til en vindmolle og isaer af den art, der drives direkte af 
vindmollens rotor uden gear monteret mellem rotoren og generatoren, kendeteg- 
n e t ved, at i det mindste generatorens stator er udfort med mindst to moduler, som er 
kapslede og teette, og at disse mindst to moduler kan monteres og afmonteres uafha?n- 
gigt af hinanden et eller flere ad gangen. 

2. Generator if0lge krav 1, kendetegnet ved, at det enkelte statormodul individu- 
elt er indeholdt i en indkapsling med en taethed, som i det vaesentlige svarer til den 
indkapsling og tsethed, der enskes i den fasrdige generator. 

3. Generator if 0 lge krav 1 eller 2, kendetegnet ved, at det enkelte statormodul, 
nar de er monteret i en stator, tilsammen danner en lukket ring af statormoduler, der 
har en diameter, som i det vaesentlige ikke overstiger diameteren af generatorens luft- 
spalte. 

4. Generator if0lge krav 1 , 2 eller 3,kendetegnet ved, at det enkelte statormodul 
kan forskydes radialt pa statorstrukturen med henblik pa justering af luftspalten. 

5. Generator iMge et hvilket som heist af de foregaende krav, kendetegnet ved, 
at det magnetiske kredsleb i det enkelte statormodul helt eller i det vaesentlige er 
tilvejebragt med jern, der har retningsbestemte magnetiske egenskaber. 

6. Generator if0lge et hvilket som heist af de foregaende krav, kendetegnet ved, 
at generatoren er monteret pa en aksel, og at statoren under montage- og reparationsar- 
bejder kan drejes i forhold til vindmallens hovedaksel, uden at dette kraever vaesentlig 
demontage udover generatorens momentunderst0tning. 

7. Generator if0lge et hvilket som heist af de foregaende krav, kendetegnet ved, 
at generatoren under montage- og reparationsarbejder kan drejes i forhold til akslen pa 
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en sadan made, at det enkelte statormodul i det vaesentlige kan fires lodret ned til jord- 
eller havoverfladen. 

8. Generator ifelge et hvilket som heist af de foregaende krav, kendetegnet ved, 
5 at statoren omfatter mellem 2 og 48 moduler, fortrinsvis 12 moduler, at hvert modul er 

indeholdt i en indkapsling, og at et givet antal sidestillede indkapslinger, der er i anlaeg 
med hinanden, danner en lukket ring af statormoduler. 

9. Generator ifisflge krav 8, kendetegnet ved, at de sidestillede indkapslinger har 
10 en indre flade, der vender indefter mod rotoren, og som danner den indre periferi for 

statoren, at den indre periferi af statoren er cirkulaer, at rotoren har en ydre periferi, der 
ligeledes er cirkulaer, og at luftspalten mellem den ydre periferi af rotoren og den indre 
periferi af statoren i det vaesentlige har en konstant bredde pa mellem 2 mm og 1 0 
mm, fortrinsvis pa 5 mm. 

15 

10. Generator ifiadge ethvert af de foregaende krav, kendetegnet ved, at bredden 
af luftspalten mellem rotoren og statoren kan reguleres individuelt for hvert statormo- 
dul og uafhasngigt af hinanden ved hjselp af dertil egnede reguleringsmidler, f.eks. 
shims, ved at en afstand reguleres mellem en ydre periferi af statorstrukturen og en 

20 indre periferi af et givet statormodul. 

1 1 . Statormodul til brug i generator ifolge ethvert af de foregaende krav, hvilket sta- 
tormodul omfatter i det mindste to poler og et antal viklinger omkring polerne, ken- 
detegnet ved, at statormodulet er bestemt til et udg0re en del af en hel stator, og at 

25 statormodulet er indeholdt i en indkapsling med tastning svarende til en given 0nsket 
kapslingsgrad. 

12. Anvendelse af en generator ifisdge ethvert af de foregaende krav i en vindm0lle. 




12 



PCT/DK 00 /00 1 6 



SAMMENDRAG 



GENERATOR TIL EN VINDM0LLE, STATORMODUL TIL BRUG 
I EN SADAN GENERATOR SAMT ANVENDELSE AF EN 
SADAN GENERATOR . 



Opfindelsen angar en generator til en vindm0lle. Generatoren er af den type, der er 
direkte koblet til hovedakslen for vindrotoren pa vindnwllen. Generatoren har en 
stator, der bestar af et antal statormoduler, der er individuelle og som kan monteres, 
repareres og afinonteres individuelt og uafhaengigt af hinanden. Det medforer at det er 
meget nemt og dermed billigere at montere nwrilen, specielt til havs, idet statoren til 
generatoren kan transporteres i mindre enheder, hvilket ogsa g0r det nemmere at samle 
statoren i mellehatten. Ved efterfjjlgende reparationer og anden vedligeholdelse af 
generatoren er det heller ikke n0dvendigt at anvende store kraner, men tilstreekkeligt at 
anvende mindre hejseanordninger, der kan handteres af en til to mand. 



Fig. 6 
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The invention concerns a generator for a 
windmill. The generator is of the kind being 
directly coupled to the main shaft of the wind 
rotor of the windmill. The generator is a stator 
consisting of a number of stator modules that are 
individual and which may be installed, repaired and 
dismantled individually and independently of each 
other. This implies that it is very easy and thereby 
cheaper to mount the mill, especially at sea, as the 
stator for the generator can be transported in smaller 
units, which also makes it easier to assemble the 
stator in the tower top section. By subsequent 
repairs and other maintenance of the generator it 
is not necessary either to use large cranes, but it is 
sufficient to use smaller hoisting devices that may 
be handled by one or two persons. 
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GENERATOR FOR A WINDMILL, STATOR MODULE FOR USE IN SUCH A GENERA- 
TOR AND USE OF SUCH A GENERATOR 

Background of the invention 

^ The present invention concerns to a generator for a windmill of the kind driven di- 
rectly by the rotor of the windmill without any gearbox installed between the rotor and 
the generator. The invention also concerns a stator module for such a generator and a 
use of such a generator in a windmill. 
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It is known that it is necessary to insert a speed increasing gearbox between the rotor 
and the generator of a windmill. The rotational speed is of the magnitude 20 rpm for 
large windmills while a normal 4-pole generator has a synchronous speed of rotation 
of 1500 rpm. A suitable speed increasing gearbox will thus have a gear ratio of 1 :75. 

It is known that the speed increasing main gearbox of a windmill constitutes a sub- 
stantial part of the cost price, and besides that it is a relatively vulnerable main com- 
ponent. In many cases, by possible damages, it will be necessary to dismantle the 
gearbox for repair. In consideration of the gearbox for a windmill in the 2 MW class 
having a weight of up to 15 tons and being mounted in a machine disposed on a tower 
with a height of 60-100 m it is obvious that such a replacement may be very costly. 

The risk of incurring considerable expenses by a possible replacement is multiplied if 
large windmills are erected at sea. Handling of weights of 15 tons or more in 60-100 
m height may only be performed with very large float cranes or very large mobile 
cranes placed on large barges. Working with this kind of equipment at the open sea 
can only be done under good weather conditions. Therefore, there may be periods of 
several months during the winter where it is not possible to replace a damaged gear- 
box. 

The generator itself is also a heavy main component, typically with a weight of 5 tons 
by 2 MW rated output. As with the gearbox it cannot be avoided that there will be a 
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certain risk of breakdown of the generator. The conditions by replacing this are just as 
adverse as for the gearbox. 

It is also known that there are gearless transmission systems for windmills where 
gearbox and generator are substituted by a slowly turning, multipolar generator. Such 
a directly driven generator can be made as a synchronous generator with winded rotor 
or with permanent magnets, or it can be designed as alternative types of generators. 
Common to directly driven, multipolar generators is that their dimensions are great. 
The air gap diameter by 2 MW rated output may e.g. be of the magnitude 5 m by an 
embodiment with winded rotor, and a little less by an embodiment with permanently 
magnetised rotor. 



By a directly driven, multipolar generator, the gearbox becomes superfluous. Usually, 
it will be necessary to insert a frequency converter between the generator and the net- 
work since it is difficult to achieve a pole number corresponding to the 50 Hz mains 
frequency by nominal rpm. Hence multipolar generators normally generate alternating 
current with a somewhat lower frequency, e.g. 20 Hz, whereby the number of poles 
may be reduced to 2/5, and more space for the coil windings is provided. Even though 
the frequency converter constitutes increased complexity in relation to a generator 
system where the generator is coupled directly to the network, it may be appreciated 
that the reduction in complexity by elimination of the main gearbox more than offsets 
this. 

A substantial drawback by a directly driven, multipolar generator are the physical di- 
mensions. By an air gap diameter of 5 m, the outer diameter becomes in the magnitude 
of 6 m, and the dead load becomes about the dead load the replaced components, 
gearbox and normal generator, i.e. 20 tons or more. The large outer diameter makes 
transport difficult, and the dead load does not reduce the problem with replacement for 
repair by possible breakdowns. 

A further difficulty arises in the normal configurations with multipolar generators 
where the generator is placed between the rotor and the tower in order to yield a com- 
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pact machine construction. In addition, here it will be necessary to dismantle the 
whole rotor by eventual dismantling of the generator. 

There is known an embodiment of a directly driven generator. US patent 5.844.341, 
where the stator of the generator is made with modules which largely constitute indi- 
vidual polar pairs and which are disposed on support arms outside the poles. The ad- 
vantage of this construction is that a damaged part of the generator may be replaced 
without taking down the whole generator. The drawback by this configuration is, 
however, that the electromechanical properties in this form of modular construction 
with single polar pairs separated by air gaps may be disadvantageous, and that possi- 
ble dismantling of a single stator module can involve that the whole generator has to 
be opened in situ implying risk of humidity, dirt etc.. and that it may be cumbersome 
if the stator module has to be taken out in a disadvantageous direction. 

15 Another design of a directly driven generator is known, US patent 4,866,321, where 
an axial generator has a stator designed with modules each containing a single pole 
winded around a coil and installed in an arrangement where the coil may be drawn 
radially out from the stator. The advantage of this construction is, as with the previous, 
that a damaged pole in the generator may be replaced without the whole generator to 
be taken down. As a consequence of the mechanical construction it is likely that the 
electromechanical properties will be better than in the above arrangement. The draw- 
back is, however, that possible dismantling of a single stator module can involve that 
the whole generator has to be opened in situ implying risk of humidity, dirt etc., and 
that it may be cumbersome if the stator module has to be taken out in a disadvanta- 
25 geous direction. 

It is the purpose of the present invention to provide a generator of the kind described 
above, preferably a directly driven, multipolar generator in a windmill, and where the 
drawbacks connected with known generators are relieved as the stator of the generator 
0 is more easy to install and to repair. 
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This purpose is achieved according to the present invention with a generator which is 
peculiar in that at least the stator of the generator is made with at least two modules 
which are fully enclosed and tight, and that these at least two modules may be 
mounted and dismantled independently of each other one or more at a time. Each of 
the least two modules contains at least two pairs of poles. 

By designing the generator according to the invention a number of advantages are at- 
tained as compared with the prior art. 

The advantages of a directly driven, multipolar generator as compared with more con- 
ventional transmission systems with gearbox and standard generator are maintained in 
a generator according to the invention. 
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By designing the electrically active part of the generator stator as modules, each hav- 
ing the necessary degree of sealing (typically there is desired sealing corresponding to 
IP54), the structural part of the stator housing may be designed with an outer diameter 
of a magnitude as the air gap diameter. Hereby the outer diameter of the part of the 
stator normally being installed when transporting the windmill to the erection site is 
reduced to the minimum determined by the air gap. Concerning the transport, there is 
a substantial advantage in having the least possible outer diameter. The winding 
modules of the stator then have to be retrofitted at the erection site. 

By making the winding as modules, the space requirements and the complexity in the 
winding are reduced considerably. The stator modules may be performed in serial pro- 
duction, and the single modules may be finished with sealing, terminal box etc. under 
convenient conditions. Therefore, the risk becomes much less for winding damages 
caused by handling under difficult access conditions in a large construction. 

A special embodiment of a stator module according to the invention is characterised in 
that the stator module is intended for constituting a part of a complete stator, and that 
the stator module is contained in an enclosure with tightness corresponding to a given 
desired degree of enclosure. 
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By making the stator modules with the necessary tightness so that they may be in- 
stalled and dismantled in situ there is achieved a very essential advantage by possible 
damages. Damages on a generator winding arise normally by an initial flashover at 
one locality, e.g. due to accidental isolation damages, humidity or the like. Because of 
the great amounts of energy released by a burning off, the damage, however, typically 
causes more general effects on the whole winding in a standard generator. Large parts 
of the winding may be damaged by melting, by other thermal effects and by sooting 
up. In the modular construction generator, however, the damage is usually limited just 
to the module in which the initial flashover occurred. Thus it is not necessary that the 
whole winding is dismantled as the repair may be limited to the module(s) concerned. 



15 



The segmented construction of the generator gives the possibility of utilising particu- 
larly advantageous material properties normally not available by rotating electric ma- 
chines. The fact is that iron can be made with directional magnetic properties. This 
kind of field oriented iron is used in transformers and is therefore normally denoted 
transformer sheet metal. On a normal rotating machine where sheet metal for stator 
and rotor is punched in one piece, transformer sheet metal cannot be used as the mag- 
net field lines will have every direction about the rotor axis. The advantage of the 
good magnetic properties in the most advantageous field direction is therefore more 
20 than offset by corresponding bad magnetic properties perpendicular to the most advan- 
tageous field direction. Therefore, on rotating machines so-called motor sheet metal is 
used, which does not have directional magnetic properties. The iron losses are there- 
fore somewhat greater in rotating machines than in transformers with corresponding 
variations in flux. 
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On the segmented generator, however, the situation is otherwise than on normal rotat- 
ing machines. By making the generator with six or more stator modules it may be 
achieved that the magnet field lines within each segment will not deviate much more 
than 10 degrees from the most advantageous direction in the iron. The use of trans- 
former sheet metal therefore becomes relevant, and thereby there is achieved possibil- 
ity of a considerable reduction of the magnetising losses as compared with the losses 
when using generator sheet metal. Furthermore, a better magnetic conductivity is 
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achieved, whereby higher induction and field strength in the air gap is achieved with 
consequently greater magnetic power and torque. 

By the handling itself essential advantages are also achieved. Each single module will 
5 have a weight much less than the complete generator, and also much less than the 
weight of a normal gearbox or a normal generator. By a directly driven, multipolar 
gensrator with a weight of 20 tons, the modules may conveniently be made in a num- 
ber so that each has a weight of 500 kg. By a weight of this magnitude the modules 
may be replaced singularly by a few fitters by means of a small crane which advanta- 
1 0 geously may be built into the cabin of a windmill. 

The advantage compared with prior art is especially of importance where large 
windmills are erected at sea. The very large floating cranes or very large mobile cranes 
on large barges necessary for repair works on known transmissions systems, whether 
these are conventional with gearbox and standard generator, or with directly driven, 
multipolar generator, may be completely avoided. The only condition for repair is that 
it is possible to get service personnel on the mill. Replaced generator modules may be 
lowered by a small built-in crane, and they may be sailed to and from the windmill on 
a normal service boat. A number of generator modules may even be stored in the mill 
top as spare parts, whereby lowering and sea transport may be postponed until periods 
with favourable weather conditions. 



By making the generator in a shaft mounted version where the torque is absorbed at 
some specific points by moment supports, there may be achieved the advantage that 
the stator of the generator may be turned to the most optimal position by repair works. 
Installing and dismantling modules may therefore occur at one definite position irre- 
spectively of where each module is disposed on the generator when the generator is in 
its normal operative position. For example, the stator of the generator may be turned 
so that the module to be replaced turns downward and therefore may immediately be 
lowered through a hatch at the bottom of the windmill cabin. 
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Description of the drawing 

The invention is described more closely in the following as reference is made to the 
drawing, where: 

5 Fig. 1 is an illustration of a prior art kind of tower top section of a windmill. 

Fig. 2 is an illustration of an embodiment of a tower top section of a windmill with 

a generator according to the invention, 
Fig. 3 is a detailed illustration of a generator according to the invention as seen per- 
pendicularly to an axis of the generator, 
10 Fig. 4 is a further detailed illustration of a generator according to the invention, 

Fig. 5 is a detailed illustration of a generator according to the invention viewed in 

parallel with an axis of the generator, 
Fig. 6 is a second detailed illustration of a generator according to the invention, and 
Fig. 7 is an illustration of an embodiment of a stator module according to the inven- 
1 5 tion. 

In the design shown in the figures, the generator is with 120 poles in 24 stator mod- 
ules. The generator is permanently magnetised. Other embodiments, including such 
with brushless as well as slipring magnetisation of a winded rotor, are also suitable. 
20 Here it may be relevant to design a winded rotor so that the rotor also has modules. 
Such a special embodiment is not described any further here. 

Fig. 1 shows a prior art windmill in normal design with gearbox and standard genera- 
tor. The wings 1 of the rotor are mounted on the mill hub 2 which is fastened to the 
25 main shaft 3. The main shaft is supported by a main bearing 4 at the front and by the 
gearbox 5 at the rear. The gearbox is connected to the generator 7 with an elastic 
coupling 6. 

Fig. 2 shows a windmill designed according to the invention. The main shaft 8 is sup- 
0 ported by a front main bearing 9 and a rear main bearing 1 0. The main bearing has a 
split bushing 11 as flange at the rear. The generator 12 has a shaft 13 which is sup- 
ported by the flange 1 1 of the main shaft. 
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Fig. 3 shows an enlarged longitudinal section of the generator. The generator shaft 14 
supports the structure 15 of the rotor which at its periphery has the rotor sheet metal 
16 and the permanent magnets 1 7. The stator housing 18 is supported by the generator 
bearings 19 and has the stator modules 20 at its periphery. 

Fig. 4 shows more enlarged a longitudinal section of the stator. The stator housing 21 
is connected to the stator module 22 by a screw bolt connection (not shown). The sta- 
tor module has an enclosure 23 around the stator sheet metal 24 and the stator winding 
25. In the shown version, the generator is made with a stator housing having an outer 
diameter d which is exactly the same as an outer diameter of the rotor. The stator 
module is thus installed so that the stator module forms an inner diameter D which is 
greater than the outer diameter d of the rotor and of the rotor housing. An air gap A 
may easily be adjusted, e.g. by means of adjusting means, in the embodiment shown 
by means of shims 26, at the joint between stator housing and stator module, and pos- 
sible dimensional deviations in the stator module may thereby be compensated for. 

Fig. 5 shows in part a cross-section of the stator. The single pole 27 has a winding 28 
and is protected by the enclosure 29. The single rotor pole 30 has a permanent magnet 
31. In the rotor structure, manholes 32 are cut out for convenient passage of the gen- 



erator. 



Fig. 6 shows the complete generator as seen from the main shaft side. One of the stator 
modules 33 is shown dismantled. The other stator modules are at their respective 
places on the stator housing 24. Manholes 35 ensure the possibility of going through 
irrespectively of the position of the rotor. Fittings for torque supports 36 are provided 
with the same number as the stator modules whereby the stator of the generator may 
be fastened for vertical lowering of each single module. 

The electric connection between the stator modules and is not shown on the Figure. It 
may e.g. be established in the way that there is mounted one central terminal box on 
the stator housing, and that from a terminal box on each stator module there is drawn 
an isolated three-phase cable from the stator module to the central terminal box. Alter- 
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natively, there may be established a connection form with three phase rings provided 
concentrically about the main shaft at one side of the stator housing under suitable 
covering. Isolated three-phase cables are drawn radially from the three phase rings to 
the terminal boxes of each of the stator modules, and the main cables transmitting the 
power to the frequency converter or directly to the network are installed directly on 
the phase rings. 

Irrespectively of the local connections on the generator, it will be convenient to make 
the main cables from the generator with a certain slack that may absorb the displace- 
ments occurring between each stator module and a central terminal box if the stator of 
the generator is to be turned for each replacement of one or more stator modules. The 
slack may possibly be reduced for the stator to be capable of being turned only a half 
turn clockwise or counterclockwise depending on which side of a vertical plane the 
stator module to be replaced is situated. 



Fig. 7 shows a stator module in cross-section and as end view. The pole 37 has its 
winding 38 and is protected by an enclosure 39. The assembled module 40 appears 
completely enclosed. 
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CLAIMS 



1. Generator, preferably for a windmill and especially of the kind driven directly by 
the rotor of the windmill without any gearbox installed between the rotor and the gen- 
erator, characterised in that at least the stator of the generator is made with at 
least two modules which are fully enclosed and tight, and that these at least two mod- 
ules may be mounted and dismantled independently of each other one or more at the 



time. 



2. Generator according to claim 1, characterised in that each single stator 
module are individually contained in an enclosure with a tightness substantially corre- 
sponding to the enclosing and tightness that is desired in the finished generator. 

3. Generator according to claim 1 or 2, c h a r a c t e r i s e d in that each single stator 
module, when they are installed in a stator, together form a closed ring of stator mod- 
ules having a diameter which does not substantially exceed the diameter of the air gap 
of the generator. 

4. Generator according to claim 1, 2 or 3, c h a r a c t e r i s e d in that each single 
stator module may be displaced radially on the stator structure with the purpose of 
adjusting the air gap. 

5. Generator according to any preceding claim, characterised in that the mag- 
netic circuit in each single stator module is completely or substantially provided by 
iron having directional magnetic properties. 

6. Generator according to any preceding claim, characterised in that the gen- 
erator is mounted on a shaft, and the stator during mounting and repair work may be 
turned in relation to the main shaft of the windmill without this requiring substantial 
dismantling besides the moment support of the generator. 
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7. Generator according to any preceding claim, characterised in that the gen- 
erator during mounting and repair works may be turned in relation to the shaft in such 
a way that each single stator module essentially may be lowered vertically to the 
ground or sea surface. 

8. Generator according to any preceding claim, characterised in that the stator 
comprises between 2 and 48 modules, preferably 12 modules, that each module is 
contained in an enclosure, and that a given number of juxtaposed enclosures abutting 
on each other form a closed ring of stator modules. 

9. Generator according to claim 8, characterised in that the juxtaposed enclo- 
sures have an inner surface facing inward toward the rotor and forming the inner pe- 
riphery for the stator, that the inner periphery of the stator is circular, that the rotor has 
an outer periphery which is also circular, and that the air gap between the outer pe- 
riphery of the rotor and the inner periphery of the stator substantially have a constant 
width between 2 mm and 10 mm, preferably 5 mm. 

10. Generator according to any preceding claim, characterised in that the 
width of the air gap between the rotor and the stator may be adjusted individually for 
each stator module and independently of each other by means of suitable adjusting 
means, e.g. shims, by adjusting a distance between an outer periphery of the stator 
structure and an inner periphery of a given stator module. 

1 1 . Stator module for use in a generator according to any preceding claim, which sta- 
tor module comprises at least two poles and a number of windings around the poles, 
characterised in that the stator module is intended for constituting a part of a 
complete stator, and that the stator module is contained in an enclosure with tightness 
corresponding to a given desired degree of enclosure. 

12. Use of a generator according to any preceding claim in a windmill. 
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